Abstract.-Although substantial uncertainty typically surrounds the choice of the best model in most phylogenetic analyses, little is known about how accommodating this uncertainty affects phylogenetic inference. Here we explore the influence of Bayesian model averaging on the phylogenetic inference of the triggerfishes (Family: Balistidae), a charismatic group of reef fishes. We focus on clade support as this area has received little attention and is typically one of the most important outcomes of phylogenetic studies. We present a novel phylogenetic hypothesis for the family Balistidae based on an analysis of two mitochondrial (12S, 16S) and three nuclear genes (TMO-4C4, Rhodopsin, RAG1) sampled from 26 ingroup species. Despite the presence of substantial model uncertainty in almost all partitions of our data, we found model-averaged topologies and clade posteriors to be nearly identical to those conditioned on a single model. Furthermore, statistical comparison of clade posteriors using the Wilcoxon signed-rank test revealed no significant differences. Our results suggest that although current model-selection approaches are likely to lead to overparameterization of the substitution model, the consequences of conditioning on this overparameterized model are likely to be mild. Our phylogenetic results strongly support the monophyly of the triggerfishes but suggest that the genera Balistoides and Pseudobalistes are polyphyletic. Divergence time estimation supports a Miocene origin of the crown group. Despite the presence of several young species-rich subclades, statistical analysis of temporal diversification patterns reveals no significant increase in the rate of cladogenesis across geologic time intervals. [Balistidae; Bayesian methods; diversification rates; macroevolution; model averaging; molecular clock; Tetraodontiformes.] The importance of model choice to phylogenetic inference is now widely recognized (reviewed in Sullivan and Joyce, 2005) and model selection procedures are commonly performed as a part of nearly all phylogenetic analyses. One limitation of most current approaches is that the pool of candidate models is small relative to the universe of reasonable models. For example, ModelTest (Posada and Crandall, 1998) currently considers only eight models with respect to substitution class, representing less than 4% of the possible 203 timereversible models . When the candidate pool is expanded to include the entire universe of substitution models, "unnamed" models frequently fit the data better than the best-fit model identified by ModelTest (Posada and Crandall, 1998) and the most parameter-rich substitution model, GTR, rarely emerges as the best model, even for large multigene data sets . If this result is generally true, it implies that most phylogenetic analyses rely on overparameterized models with respect to substitution type. Indeed, Kelchner and Thomas (2006) found that over 60% of the publications they surveyed used a variant of GTR.
The importance of model choice to phylogenetic inference is now widely recognized (reviewed in Sullivan and Joyce, 2005) and model selection procedures are commonly performed as a part of nearly all phylogenetic analyses. One limitation of most current approaches is that the pool of candidate models is small relative to the universe of reasonable models. For example, ModelTest (Posada and Crandall, 1998) currently considers only eight models with respect to substitution class, representing less than 4% of the possible 203 timereversible models . When the candidate pool is expanded to include the entire universe of substitution models, "unnamed" models frequently fit the data better than the best-fit model identified by ModelTest (Posada and Crandall, 1998) and the most parameter-rich substitution model, GTR, rarely emerges as the best model, even for large multigene data sets . If this result is generally true, it implies that most phylogenetic analyses rely on overparameterized models with respect to substitution type. Indeed, Kelchner and Thomas (2006) found that over 60% of the publications they surveyed used a variant of GTR. The effects of this overparameterization have not been studied but theoretically should lead to an increase in the error variance surrounding each parameter (Burnham and Anderson, 2003) . This tradeoff could be particularly troublesome for phylogenetic inference as the topology itself is a parameter being inferred.
A second, related concern for most commonly used model selection procedures is model uncertainty. Although substantial uncertainty typically surrounds the choice of the best model in most phylogenetic studies Alfaro and Huelsenbeck, 2006) , the influence of this uncertainty on phylogenetic inference is not well understood. Theoretically, conditioning inference on a model that is only marginally better than other candidate models should lead to an underestimation of parameter variance and thus overconfidence (e.g., Hoeting et al., 1999; Buckley et al., 2002; Alfaro and Huelsenbeck, 2006) . Empirically, studies suggest that accommodation of model uncertainty has only a minor effect on tree topology (e.g., Posada and Crandall, 2001; Beier et al., 2004; Nylander, 2004; Posada and Buckley, 2004) . However, model uncertainty may have an especially pronounced effect on clade posterior probabilities as these have been shown to be particularly sensitive to model violation and underparameterization (Felsenstein, 1978; Huelsenbeck and Hillis, 1993; Sullivan and Swofford, 1997) .
Bayesian model averaging is a computationally tractable alternative to the current practice of conditioning analyses on a single phylogenetic model Posada and Buckley, 2004; Pagel and Meade, 2006; Posada, 2008) . Using this method, each model contributes to the phylogenetic inference in proportion to its posterior probability Nylander, 2004) . Despite the potential promise of this approach, it has been implemented in only a small number of studies (e.g., Beier et al., 2004; Nylander, 2004; Lee and Hugall, 2006; Alfaro and Huelsenbeck, 2006) . Here we use Bayesian model averaging and model averaging based on Akaike weights (Akaike, 1973) to explore the influence of model uncertainty on the phylogenetic inference of triggerfishes, a charismatic group of reef fishes.
Triggerfish Phylogenetics
Members of the family Balistidae (order Tetraodontiformes) are mostly tropical in distribution (Kuiter and Debelius, 2006) and are some of the most conspicuous members of the diurnal reef community. The 42 species 905 906 SYSTEMATIC BIOLOGY VOL. 57 in this clade exhibit a high degree of ecological diversity. Owing to their small and powerful jaws, as well as a novel feeding repertoire that includes buccal manipulation (Wainwright and Friel, 2000) , triggerfish are able to exploit a wide variety of invertebrate prey. Indeed, several balistids have been recognized as "keystone species" that control populations of Acanthaster planci, a sea star known to cause severe damage to coral reefs at high population densities (Ormond et al., 1973; Chen et al., 2001) .
Balistid intrafamilial relationships are poorly understood despite two previous phylogenetic studies based on morphological characters. Matsuura (1979) , in his analysis of the osteology of extant balistoids, suggested that Canthidermis represents the sister group to all remaining triggerfishes due to its possession of "primitive" scale bones. He divided the remaining balistids into three lineages: (1) Abalistes; (2) a Rhinecantus + Sufflamen clade supported by a modified interhyal bone; and (3) an unresolved clade formed by all remaining genera. Tyler (1980) performed an evolutionary taxonomic investigation of the osteology and external features of both extant and fossil balistids and hypothesized that the Oligocene genera Balistomorphus and Oligobalistes represented ancestors of the modern crown group. Given the absence of a preopercular groove, Tyler (1980) further hypothesized Rhinecanthus and Balistapus to be the "most generalized" and hence most primitive extant triggerfish. Odonus and Xanthichthys were considered to be the "most derived" taxa, united by the presence of fanglike second medial teeth and by a strongly supraterminal mouth. The presence of a slightly supraterminal mouth identified Melichthys as the sister group to these previous two genera. The relationships of the remaining genera were not resolved (Tyler, 1980: fig. 66 ). Both of these studies assumed all balistid genera to be monophyletic though this hypothesis has never been explicitly tested. Subsequent morphological investigations of tetraodontiform relationships (Winterbottom, 1974; Leis, 1984; Tyler, 2003, 2004) included only a small number of balistids, leaving many questions about triggerfish relationships unanswered.
Recently Holcroft (2005) included 14 balistids as part of a molecular study of tetraodontiform relationships. Her analysis retrieved four major groupings: (1) Melichthys niger; (2) Balistoides conspicillum; (3) a clade composed of Xanthichthys auromarginatus and Balistoides viridescens; (4) a clade of all remaining balistids including Canthidermis, Rhinecanthus, and Balistapus. Her topology is incongruent with many of the relationships presented in prior morphological studies, providing strong evidence for a polyphyletic Balistoides and placing Melichthys niger as sister to the remaining balistids, rather than Canthidermis and Abalistes (Matsuura, 1979) or Balistapus and Rhinecanthus (Tyler, 1980) .
Age and Evolutionary History of the Triggerfishes
The fossil record of the Tetraodontiformes suggests that triggerfish are a relatively young group. Stem balistoids are not known until the Oligocene (35 Ma) despite a tetraodontiform fossil record that extends back to the Cretaceous. This observation led Tyler and Santini (2002) to speculate that triggerfishes and filefishes were the last of the crown tetraodontiform families to appear. Recently two studies have presented conflicting estimates of balistid divergence times based on fossil-calibrated molecular data. Yamanoue et al. (2006) dated the split between balistids and their sister group, the monacanthids, at approximately 129.5 Ma, in the early Cretaceous but, due to the presence of only one triggerfish in their data set, could not determine the time of origin of the crown group. More recently, Alfaro et al. (2007) reanalyzed a data set containing Holcroft's (2005) data, as well as newly sequenced taxa, in conjunction with 11 fossil calibration points and estimated that the split between the triggerfish and their sister taxon was about 90 million years younger (late Eocene, ∼40 Ma), with crown triggerfish first appearing between the late Oligocene and the early Miocene (∼25 Ma). Given the large discrepancy between these divergence time estimates, it is not surprising that they support conflicting hypotheses as explanations for the origin and subsequent diversification of triggerfishes. Alfaro et al. (2007) have suggested that reef association in triggerfishes is correlated with higher than expected rates of diversification within the family. A Jurassic or early Cretaceous origin of the group would undermine this hypothesis because scleractinian coral reefs are not known to extend past the Tertiary.
Questions about diversification patterns of the triggerfishes at a finer scale have yet to be addressed. For example, Floeter et al. (2007) recently suggested two potentially important "speciation bursts" for numerous Atlantic reef fish groups corresponding to the late Miocene through Pliocene (8 to 2 Ma) and the Pliestocene (<1.5 Ma). It is currently not known if triggerfish diversification shows a similar pattern of increase. In fact, despite their circumtropical distribution (Table 1) , to our knowledge there are no previous hypotheses of triggerfish biogeography or diversification. Here we test whether triggerfish subclades experienced significant increases in diversification rates over their evolutionary history.
Objective
We statistically compare single-model and modelaveraged posterior probabilities for clades of triggerfishes to investigate the influence of model uncertainty on phylogenetic confidence. We adopt a Bayesian approach using a reversible-jump Markov chain Monte Carlo sampler that allows model posteriors to be easily calculated (Green, 1995) and compare this to a procedure based on Akaike weights (Posada and Buckley, 2004) . We also present the first detailed molecular phylogenetic study of the triggerfishes and integrate our data from multiple nuclear and mitochondrial loci with previously published morphological data to produce a total evidence topology for the family. Finally, we quantify temporal patterns of balistid cladogenesis using a relaxed clock method and use our chronogram as a framework to statistically test several hypotheses of balistid diversification. METHODS Sampling Samples were obtained through tissue loan, marine wholesale, and field collection with voucher specimens deposited into the collection of the Charles R. Conner Museum at Washington State University (Table 1) . Additional sequences were downloaded from GenBank (Table 1) . Filefish (monacanthids) are uncontroversially recognized as the sister group to the triggerfishes (Winterbottom, 1974; Matsuura, 1979; Rosen, 1984; Tyler, 2003, 2004; Holcroft, 2005; Yamanoue et al., 2006; Alfaro et al., 2007) and we included three species to serve as outgroups in our study. Our ingroup sample included 26 species and 11 genera of balistids. This includes all genera of extant triggerfish lineages, except the most recently described rare genus Xenobalistes (Matsuura, 1981) .
DNA Extraction, PCR Amplification, and Sequencing
Muscle tissue samples were stored in 70% ethanol prior to use. DNA was extracted for most taxa using the Chelex (Bio-Rad) protocol described in Walsh et al. (1991) . Additional extractions for Balistes vetula, Pseudobalistes fuscus, and Balistes capriscus utilized the PureGene extraction kit and protocol (Gentra Systems).
We used the polymerase chain reaction (PCR; Saiki, 1990) to amplify two mitochondrial genes, 12S rDNA (∼833 bp) and 16S rDNA (∼563 bp), and three nuclear genes, Rhodopsin (∼564 bp), Tmo4C4 (∼575 bp), and RAG1 (∼1471 bp). One microliter of genomic template was used per 25-µL reaction, containing 5 µL of 5× GoTaq Flexi PCR buffer (Promega), 2 µL MgCl 2 (25 mM), 0.5µL dNTPs (8 µM), 1.25 µL of each primer (Table 2) , and 0.125 µL of Promega GoTaq Flexi DNA polymerase (5 U/µL).Amplification of all gene fragments was conducted with an initial denaturing step at 94
• C for 1 to 2 min; 37 cycles with a 0.5-to 1.5-min 94
• C denaturing; a 45-to 75-s 48.5
• C to 60
• C annealing; and a 1-to 2-min 72
• C extension, followed by an additional 5-min 72
• C extension and a 10-min 23
• C cool down. PCRs were performed on two MJ Research PTC-200 Peltier thermal cyclers and a Bio-Rad iCycler. All products were stored at −4
• C after amplification. Excess dNTPs and unincorporated primers were removed from PCR products using ExoSap (Amersham Biosciences). Purified products were cycle-sequenced using the BigDye Terminator v.3.1 cycle sequencing kit (Applied BioScience) with each gene's original or additional internal primers (Table 2 ) used for amplification. The cycle sequencing protocol consisted of 25 cycles with a 10-s 94
• C denaturation, 5 s of 50 • C annealing, and a 4-min 60
• C extension. Sequences were produced at the Washington State University Center for Integrated Biotechnology Core Laboratory using an ABI 377 and an ABI3100.
Sequence Alignment 12S and 16S rDNA sequences were aligned by eye to secondary structure models used in previously published studies of labrid fishes (Streelman et al., 2002; Clements et al., 2004; Westneat and Alfaro, 2005) . Ambiguously aligned regions were identified by eye and removed prior to analysis for both mitochondrial genes. Alignment of the protein-coding genes (Rhodopsin, Rag1, and Tmo4C4) was trivial and done using a text editor (BBEdit, BareBones Software). Gene matrices were edited in Se-Al v.2.0 (Rambaut, 1996) . We trimmed sequences to the size of the smallest fragment for each gene to minimize missing characters in the data matrix. Our final data matrix consisted of 754 bp of 12S, 475 bp of 16S, 404 bp of Rhodopsin, 545 bp of Tmo4C4, and 1205 bp of Rag1 for a total of 3383 characters used in analysis. Sequences were checked using NCBI's BLAST and have been deposited in GenBank (Table 1). All aligned data matrices have been deposited in TreeBase (accession numbers: SN3541-20316 (12S), SN3541-20318 (16S), SN3541-20315 (RAG1), SN3541-20313 (Rhodopsin), SN3541-20310 (Tmo4C4), SN3541-20309 (concatenated data)).
Bayesian Analysis
We ran all MCMC chains in the analyses below for 20 million generations, sampling every 1000, as our preliminary analysis revealed this to be sufficient to ensure convergence of the chains. Convergence was assessed by visual inspection of the state likelihoods, potential scale reduction factors, and the average deviation of clade splits between replicate runs. To further insure that inference was based on samples from the target distribution, we discarded the first 25% of the 20,000 trees as burn-in.
Morphological Analysis
We assembled a list of 34 potentially informative characters by selecting all the characters that defined the familial clades of the Balistidae and Monacanthidae identified in Santini and Tyler (2003) , as well as the characters used in Matsuura (1979) and Tyler (1980) . We scored taxa using osteological descriptions from the literature as well as new clear and stained specimens (Appendix S1, available at http://www. systematicbiology.org). The morphological matrix was analyzed in MrBayes 3.1.2 (Ronquist and Huelsenbeck, 2003) using the default prior settings for morphological data. Visual inspection of model parameters and potential scale reduction factors revealed that the chain appeared to reach stationarity after 200,000 generations.
Bayesian Analysis of Molecular and Combined Data
We analyzed each gene partition independently and performed a partitioned mixed model analysis of the combined data. For each data set we assigned default priors to all model parameters (topology: uniform; revmat: Dirichlet , 1)). We selected models of evolution for these analyses using two approaches (see Table 4 ): direct calculation of model posterior probabilities using RJ-MCMC and Akaike weights (Akaike, 1973 ) calculated using ModelTest (Posada and Crandall, 1998) . We also performed a combined analysis of the morphological and molecular data by concatenating the morphological and gene matrices and using the MCMC chain parameters as described above. The mixed-partition analysis utilized the default settings for morphology and the best-fit model according to the AIC criterion.
Single-Model and Model-Averaged Bayesian Analysis
We used MrBayes 3.1.2 (Ronquist and Huelsenbeck, 2003) and a custom-written reversible jump MCMC sampler to perform singlemodel and model-averaged Bayesian analyses, respectively. Priors on all parameters of the model (with the exception of the substitution model itself) were identical for both sets of analysis: uniform on topology, flat Dirichlet (5.0, 5.0, 5.0, 5.0) on nucleotide frequencies, exp (10) on branch lengths, and a uniform (0, 50) prior on the gamma-shape parameter. Our reversible jump sampler further applied a uniform prior on the 203 possible substitution models.
We performed parallel single-model and modelaveraged analyses using the following partitions of our data: all individual gene partitions, a concatenated mitochondrial gene (12S+16S) data matrix, a concatenated nuclear gene (Rhodopsin, RAG1, Tmo-4C4) data matrix, and the entire concatenated data. This approach allowed us to compare the effects of accommodating model uncertainty on data sets of varying length. We additionally performed seven single-model analyses on the following 909 data partitioning schemes for the concatenated data set: (1) One substitution model; (2) rDNA and lumped nuclear genes; (3) rDNA stem regions, rDNA loop regions, lumped nuclear genes; (4) rDNA and a model for each nuclear gene; (5) by gene; (6) rDNA stems, rDNA loops, each nuclear gene; (7) rDNA stems, rDNA loops, codon positions for each gene. We calculated marginal likelihoods and computed Bayes factor scores for each of these analyses to account for topological uncertainty as discussed in Brandley et al. (2005) . Single-model clade posterior probabilities were regressed on model-averaged posteriors using the comparetree command in MrBayes and KaleidaGraph (Synergy Software). Statistical significance between the model-averaged posteriors and those contingent on a single model of sequence evolution was assessed using the nonparametric Wilcoxon signed-rank test (Simmons et al., 2004) .
Single-Model and Model-Averaged
Maximum Likelihood Analysis We analyzed the concatenated molecular data set to assess the effect of nucleotide substitution model overparameterization on bootstrap support values. Corrected Akaike scores (AIC c ) scores and Akaike weights for all possible models of nucleotide substitution were calculated and the best-fit model from ModelTest was compared to the 95% interval of credible models from the candidate pool. For each selected model, including the best-fit model, we used PAUP* 4.01b (Swofford, 2003) to perform 1000 bootstrap replicates. Each replicate incorporated two random sequence additions and the TBR branch-swapping algorithm. To save on computational time, a time limit of 4 h was assigned to each replicate. For the model-averaged analysis, the bootstrap value at each node was multiplied by the weight of the model and all values were summed to obtain a model-averaged bootstrap measure of support. These values were compared to the best-fit model's support values and tested for significance using the Wilcoxon signed-rank test.
Divergence Time Estimation
We constrained three nodes in the balistid tree (Table  3) for divergence time analysis. Two of these calibrations were based on the fossil record ( Table 3 ). The split between the Balistidae and the Monacanthidae (see Fig. 3 , node 1) was based on four fossil stem balistids dated to 35 Ma: Balistomorphus orbiculatus, B. ovalis, B. spinosus, and Oligobalistes robustus (Tyler and Santini, 2002) . We assigned a prior minimum age of 35 Myr to this calibration to reflect the age of these fossils and further assigned a mean age of 50 Myr (reflecting the appearance of several other tetraodontiform families in the fossil record) and an upper bound of 70 Myr (reflecting the appearance of the first stem tetraodontiforms) after Alfaro et al. (2007) . We used soft upper bounds (i.e., upper bounds indicate the 95% cumulative density of the prior) on all fossil constraints to avoid artificially truncating the posterior distribution of our divergence time estimates (e.g., Yang and Rannala, 2006) We used the fossil Balistes procapriscus from the late Miocene to assign a minimum age of 5 Myr to the crown age of Balistes (Fig. 3, node 3 ; Santini and Tyler, 2003) . We initially used this fossil to date the split between Balistes and Pseudobalistes fuscus following Alfaro et al. (2007) ; however, preliminary analysis revealed P. fuscus to be nested within Balistes. Based on this, we reassigned the calibration to the crown Balistes. We assigned an upper bound of 50 Myr to this calibration.
We assigned a secondary constraint to the age of crown balistids (Fig. 3 , node 2) corresponding to the 95% credible interval estimate for balistids from Alfaro et al. (2007) . Our normally distributed prior assigned a mean age of 22.9 Myr to the split (d = 4.2 Myr). This age is congruent with the current paleontological evidence: no balistid fossils are known older than the middle Miocene (Schultz, 2004) , whereas the stem balistids are at least 35 million years old. (Tyler and Santini, 2002) .
We estimated divergence times using the concatenated data under a model of uncorrelated log-normally distributed rates using BEAST (Drummond et al., 2006) . A Yule (pure-birth) prior was assigned to rates of cladogenesis. Based on results from the MrBayes analysis, we partitioned our data into seven regions to allow a separate substitution model to be used for each ribosomal stem and loop region and also an individual model for each nuclear gene. We ran three independent analyses of 20 million generations, assessing convergence using Tracer 1.3 (Rambaut and Drummond, 2007) . The first 25% of the generations were discarded as burn-in and the effective sample size (ESS) for model parameters was also assessed to check for good mixing of the MCMC (ESS exceeded 200 for all model parameters in our analysis).
Diversification Statistics
All diversification statistics were implemented in the software package R (R core-development team, 2006), using functions in the package Geiger (Harmon et al., 2008) and APE (Paradis et al., 2004) . The global diversification rate of the Balistidae (λ G ) as well as the diversification rate of five focal subclades was calculated using the method-of-moments estimator from Magallon and Sanderson (2001) . We further tested whether diversification rates of subclades with a Pliocene/Pleistocene crown age differed significantly from λ G using the method of Magallon and Sanderson (2001) . To account for the pull of the present (Pybus and Harvey, 2000) in these estimates, we used 910 SYSTEMATIC BIOLOGY VOL. 57 extinction rates ranging from 0 to 0.5 in our estimates (see Table 7 ). These values represented the confidence interval obtained using the birth-death function to calculate relative extinction in the package Geiger (Harmon et al., 2008) . To test for a nonconstant triggerfish diversification rate given our incomplete taxonomic sampling, we used the MCCR test function (Pybus and Harvey, 2000; Pybus et al., 2002 ) based on 20,000 simulations in Geiger (Harmon et al., 2008) . The MCCR assumes no significant difference in diversification rates between lineages. We tested this assumption using the relative cladogenesis statistic (Nee et al., 1992) .
To test for significantly elevated rates of cladogenesis during specific time intervals, we used a novel function (Brock, unpublished) to calculate Kendall-Moran estimates of diversification rate (r) based on a pure-birth process (Baldwin and Sanderson, 1998; Nee, 2001 ) for each major geologic period, as well as each subdivision of the Miocene. This test accounts for incomplete taxon sampling and the impact of extinction on the distribution of waiting times ("pull of the present"; e.g., Pybus and Harvey, 2000) . We compared observed values of r for each time interval to a null distribution generated by the simulation of 20,000 birth-death trees under global estimates of triggerfish diversification and extinction rates.
RESULTS

Bayesian Analysis
The average standard deviation of the clade splits between independent runs was less than 0.1% and potential scale reduction factors (Gelman and Rubin, 1992) for all parameters were approximately 1.00 for all analyses, suggesting that we adequately sampled the target distributions. Comparison of Bayes factor scores revealed that assigning separate models to each ribosomal stem or loop region, as well as each individual gene (seven separate partitions total), fit our data best. Analysis of the concatenated data set recovered a well-resolved phylogeny of the balistids and revealed five major clades: (1) Balistes (including Pseudobalistes fuscus); (2) Rhinecanthus; (3) Sufflamen; (4) Canthidermis + Abalistes; (5) all remaining balistids not in clades 1 to 4 (Fig. 1) . The genera Balistes (clade 1) is strongly supported as the sister group to the remaining balistids. Pseudobalistes fuscus appears deeply nested within this group, a placement that renders the genus Balistes paraphyletic. Sufflamen (clade 2) is strongly supported as sister to Rhinecanthus (clade 3). The relationship of R. lunula, R. rectangulus, and R. verrucosus was unresolved, though these taxa formed the sister group to the remaining Rhinecanthus species.
Clade 5 shows Balistoides and Pseudobalistes to be polyphyletic as currently defined. In the latter case, the two species of Pseudobalistes are recovered in clades 1 and 5, respectively. The two species of Balistoides are placed within two different subclades of clade 5, with strong support for a sister relationship between Balistoides viridescens and Pseudobalistes flavimarginatus. The remaining Balistoides in our study, B. conspicillum, forms the sister (Akaike, 1973) implemented in ModelTest (Posada and Crandall, 1998) and PAUP (Swofford, 2003) compared to the posterior probability of the most visited model by the RJ-MCMC sampler for all data sets. Probability of a model is equal to the frequency it was visited by the RJ-MCMC sampler. The combined morphological/molecular tree (data not shown) was perfectly congruent with the tree based on molecular data only (Fig. 1) . We attribute this to a nearly complete lack of resolution provided by analysis of the morphological data set only (data not shown). Posterior probabilities were qualitatively similar between the molecular and the molecular + morphological data and not significantly different by the Wilcoxon signedrank test (P = 0.232).
Single-Model and Model-Averaged Bayesian Analysis
Our analysis revealed that the most probable model was not always congruent with the model chosen by ModelTest (Table 4) . Four of our seven data sets revealed the model with the highest posterior probability to be an unnamed model. Additionally, the posterior probability of the most visited model by the RJ-MCMC sampler was lower than the probability of the "best-fit" model chosen using the AIC in ModelTest for five of the seven data sets.
Our model-averaged topology (Fig. 1) was qualitatively similar to the topology conditioned on a single model, with no conflicts between strongly supported relationships (PP > 95%). Visual inspection of clade support values revealed little difference between modelaveraged and single-model analyses (Fig. 1) for highly supported nodes (PP > 95%). Although qualitative differences were more obvious for lower support values (see Fig. 4 ), a Wilcoxon signed-rank test revealed that these were not statistically significant (Table 5 ). Further tests of PPs of <90 % and <50% were also not significant (P > 0.4 for all, data not shown).
Single-Model and Model-Averaged Maximum
Likelihood Analysis Maximum likelihood analysis recovered a single best topology (−LnL = −14,338.09) qualitatively similar to the tree inferred by Bayesian methods (Fig. 2) Divergence Time Estimation Our BEAST topology (Fig. 3) revealed the same major clades as the model-averaged consensus tree (Fig. 1) , with some topological differences (see below). Additionally, this analysis recovered slightly higher support at some nodes (though these differences were not statistically significant; Table 5 ). We recover a crown age of the balistids at approximately 11.3 Myr (Table 6 , node 2). Our chronogram places the stem ages of A. stellatus and Canthidermis maculata (Table 6 , nodes 3 and 4) at approximately 10.0 and 9.9 Myr, respectively, indicating these genera as belonging among the oldest extant balistid lineages. Our analysis recovers Balistes deeply nested within the balistids, though this placement is weakly supported. Crown Sufflamen originated approximately 6.1 Ma (Table 6 , node 5), whereas the crown age of Rhinecanthus (Table 6 , node 10) indicates the group to be relatively young, appearing approximately 3.3 Ma. Eleven of the 24 nodes appear within the past 4 Myr, with Rhinecanthus, Xanthichthys, and Melichthys all being relatively young genera that originated in the last 4 to 2 Myr.
Diversification Statistics
We estimated a diversification rate (λ G ) of 0.25 for crown triggerfishes. The MCCR test (Pybus and Harvey, 2000; Pybus et al., 2002) failed to reject a hypothesis of constant diversification rates for the triggerfishes (P = 0.10). Our global extinction rate was estimated to be 0 and the same log-likelihood score (−14.42) was given to the purebirth model using Magallon and Sanderson's (2001) equation. Based on these results, we were unable to reject a purebirth model for the balistid diversification. Our Kendall-Moran estimates of speciation rate (Baldwin and Sanderson, 1998; Nee, 2001 ) across given time intervals revealed fluctuations in diversification rates over given time periods; however, none of these results were significantly different from λ G ( Table 7) . Assessing rates of cladogenesis between lineages revealed no statistically significant rapid radiations for any of the major clades, including major lineages with crown ages in the Pliocene/Pleistocene such as Xanthichthys and Rhinecanthus.
DISCUSSION
Despite often substantial uncertainty surrounding model choice and frequently overparameterized substitution models, our analysis revealed that modelaveraging had only a modest influence on inference of triggerfish phylogeny and clade support. This suggests that although the widespread use of GTR substitution models in phylogenetics is probably not statistically justified, phylogenetic inference is likely robust to both overparameterization of and uncertainty surrounding the substitution model. Table 6 , where ages and 95% HPD are given. Nodes 1 (insert), 2, and 3 correspond with calibration points referenced in the text (Table 3) . In addition, our analyses provide the first species-level phylogeny for triggerfishes and suggest several novel hypotheses of their evolutionary history. Below we consider the value of model-averaging in phylogenetics as well as the implications of our combined data phylogeny and chronogram for the triggerfishes.
Model-Averaging
Our results are consistent with several previous studies that have shown topology to be generally robust to model uncertainty (e.g., Posada and Crandall, 2001; Beier et al., 2004; Nylander, 2004; Posada and Buckley, 2004) . Although it has been suggested that model-averaged posterior probabilities differ from single-model posteriors (Beier et al., 2004) , our statistical analyses suggest that these differences are not likely to be significant. Thus, with respect to substitution parameters, both topology and clade support appear to be relatively robust to the uncertainty surrounding model choice. One reason for this may be that the current practice of selecting models from a relatively small fraction of the possible substitution models still leads investigators to reasonably good models for their data. In our study, even though the GTR model did not always receive the highest posterior probability for any data partitions (Table 4) , it frequently appeared within the 95% credible interval.
Previously, Beier et al. (2004) noted visual differences between low model-averaged clade support values and those conditioned on a single model. As other studies have suggested (Huelsenbeck and Rannala, 2004; Lemmon and Moriarty, 2004) , slight overparameterization does not seem to cause substantial problems in phylogenetic inference. However, the effects of gross overparameterization on phylogenetic inference of posterior probabilities and other parameters have not been systematically addressed and we suggest that the assessments of model adequacy and uncertainty are appropriate for phylogenetic statistical studies of complex data sets. Although we witnessed differences of clade support values of as much as 18% for poorly supported nodes in some of our data sets, none of these results were significant. The Wilcoxon signed-rank test is conservative by nature, and we do not know how qualitatively different PPs could be without yielding a significant result.
Given that many analyses are potentially overparameterizing with respect to substitution model (see Kelchner and Thomas, 2006) , our results should not be taken to mean that accommodation of model uncertainty is not helpful. The method may provide more reliable estimates of branch lengths or of substitution rates for studies specifically focused on these parameters. Indeed, we observed qualitative differences between branch lengths estimated by single-model and model-averaged analyses for data sets used in this study (analysis by A.D. and M.E.A.). Furthermore, reversible-jump algorithms could allow for averaging across more divergent models. Accommodating uncertainty surrounding partitioning strategies, for example, might have a profound influence on topology and clade posteriors.
Phylogenetic Relationships of the Balistidae
Triggerfish represent one of the most conspicuous components of the diurnal coral reef fauna worldwide, yet until now little was known about their interspecific phylogenetic relationships. Our results conflict with several prior phylogenetic hypotheses concerning the oldest lineages of the balistids. The deeply nested placement and young age of Melichthys refutes Holcroft's (2005) analysis, which proposed Melichthys niger to be sister to the rest of the triggerfish. Our analyses refute Tyler's (1980) hypothesis that Balistapus represents one of the oldest lineages of the triggerfish and instead suggests that the absence of a preopercular groove represents a secondary loss. The long branches leading to Canthidermis and Abalistes tentatively support Matsuura's (1979) proposal that taxa represent the oldest extant lineages of the balistids, though incomplete sampling prevented us from obtaining a crown age estimate for either lineage. Our results also contradict Tyler's (1980) suggestion that Xanthichthys and Odonus are sister groups and suggest instead that a strongly supraterminal mouth and second medial teeth have evolved independently in each of these lineages. Additionally, the sister relationship between Sufflamen and Rhinecanthus recovered by our analysis was originally proposed by Matsuura (1979) and suggests that the modified interhyal observed in these lineages either arose in a recent common ancestor or was lost in other triggerfish clades. We recovered an early split between a clade of Balistes (+ Pseudobalistes fuscus) from the remaining triggerfish.
Our results indicate that three currently recognized genera-Balistoides, Balistes, and Pseudobalistes-are nonmonophyletic and in need of nomenclatural revision. We propose a taxonomic regression of Pseudobalistes fuscus to Balistes fuscus (Bloch and Schneider, 1801) to retain the monophyly of the genus Balistes. To resolve the polyphyly of Balistoides, we suggest a revision from Balistoides viridescens (Fraser-Brunner, 1935) to Pseudobalistes viridescens. This is a classification originally proposed in Bloch and Schneider (1801) that is strongly supported by our data and retains the monophyly of the genus Pseudobalistes. This classification also identifies Balistoides to be a monotypic genus comprising B. conspicillum, a genetically unique member of the family Balistidae.
Divergence Times and Diversification
Although we use the same calibrations in our analysis as were used in a recent study of all tetraodontiforms (Alfaro et al., 2007) , we recover a slightly younger crown group age for triggerfish (originating 25 versus 11.3 Ma) . This discrepancy is non significant, however, as the 95% highest posterior density intervals overlap between the two studies. Our estimates of an earlier appearance are still in accord with the known balistid fossil record (Tyler and Santini, 2002; Schultz, 2004) and also corresponds to the origins of several other species marine fish and invertebrates (e.g., Streelman et al., 2002; Klanten et al., 2004; Barber and Bellwood, 2005; Read et al., 2006; Wallace and Rosen, 2006) . We consider our estimate of the triggerfish crown age to be inconsistent with a Jurassic/Cretaceous split between the filefish and triggerfish (Yamanoue et al., 2006) , as this would imply a 100 Myr long fuse between the origin of the triggerfishes and their subsequent diversification. This discrepancy is expected and described in Alfaro et al. (2007) , who argue that some of the calibration points used by Yamanoue et al. (2006) are fossils that have been erroneously dated. For example, the oldest gadiform fossil is 61 million years old and not 161 as stated by Yamanoue et al. (2006) . Additionally, some of the other calibration points used by Yamanoue and colleagues are secondary calibration points recovered from the mammal/bird split. For these reasons we argue that the available tetraodontiform fossil data more strongly favors the younger stem and crown balistid ages recovered in our analysis than those presented by Yamanoue et al. (2006) .
Our chronogram reveals that many extant lineages are very young. Almost all triggerfish clades had formed by the Middle/Late Miocene, yet 19 out of the 26 taxa sampled hold their origins during the Pliocene/Pleistocene. Although visual inspection might suggest a recent elevation in the global diversification rate of triggerfish, statistical analysis shows that this trend is not significant. Instead, our results are suggestive that triggerfish as a whole did not experience elevated rates of diversification during paleoclimatic events associated with the Pliocene/Pleistocene as has been suggested in other groups (Taylor and Dodson, 1994; Palumbi et al., 1997; LaJeunesse, 2005; Floeter et al., 2007) but that their speciation rates may have stayed more consistent for alternate, and as yet unknown, reasons. Similarly, triggerfish subclades with crown ages in the Pliocene and Pleistocene are not diversifying more quickly than other subclades.This result underscores the need for rigorous statistical testing of macroevolutionary patterns, as visual inspection alone may not be enough to deduce patterns of change in diversification rate. Further ecological correlates of these results are difficult to explore. Despite the conspicuous nature of the balistids, robust published studies of the group's ecology are disappointingly sparse (but see Bean et al., 2002) , and further studies are needed before we are able to understand the ecological correlates underlying the group's diversification. We propose that the triggerfish may be a model group with which to study macroevolutionary patterns in marine fish, given the young age of the group, its circumglobal distribution, the ecological dependency on reefs of most of its members, and the availability of several well-preserved fossils. Further sampling may reveal novel morphological innovations or shed light on novel patterns of diversification that may be correlated with historical biogeographic hypotheses, including historical changes in currents and reef ecology as a result of climatic fluctuations during the Pliocene.
